Galactic black hole candidate MAXI J1348-630 was recently discovered by MAXI and Swift/BAT satellites during its first outburst in 2019 January which continued for ∼ 4 months. We study the spectral and timing properties of the source in detail. The combined 1−150 keV Swift/XRT, Swift/BAT and MAXI/GSC spectra are investigated with the two component advective flow (TCAF) solution. Physical flow parameters of TCAF, such as Keplerian disk accretion rate, sub-Keplerian halo accretion rate, the shock location and the shock compression ratio are estimated from our spectral fits. Based on the variation of flux in soft and hard X-ray ranges, the hardness ratio, TCAF model fitted accretion rates and accretion rate ratio (ARR), we show how the sources evolved through four spectral states viz. hard, hard-intermediate, soft-intermediate and soft states in rising and declining states. Lowfrequency quasi-periodic oscillations (QPO) are observed in two observations during the rising phase of the outburst. From the spectral analysis, we estimate the mass of the black hole to be 9.1
INTRODUCTION
Black hole X-ray binaries (BHXRBs) consist of a black hole (BH) and a companion main sequence star. Transient BHXRBs spend most of the time in the quiescent state. They occasionally go into outbursts, which often last from weeks to months. During an outburst, the X-ray intensity of the source could rise by several orders of magnitude in comparison to that in the quiescence phase. In a BHXRB, matter from the companion star is normally accreted onto the central black hole and forms an accretion disk. In the accretion process, the gravitational potential energy of the accreted matter is converted to heat which is radiated in the entire electromagnetic wavebands, e.g., from radio to γ-ray range. An outburst is believed to be triggered if this matter, which was otherwise slowed down due to lack of viscosity at locations very far away, is suddenly released due to rise in viscosity. As a result, galactic BHXRBs show rapid changes in both spectral and temporal properties. The hardness-intensity diagram (HID; Belloni et al. 2005) or accretion rate-intensity diagram (ARRID; Jana et al. 2016) show the correlation between spectral and temporal parameters in different spectral states. In general, a BHXRB exhibits four different spectral states, namely, hard state (HS), hard-intermediate state (HIMS), soft-intermediate state (SIMS) , and soft state (SS). When a BHXRB evolves through these states in the sequence HS → HIMS → SIMS → SS → SIMS → HIMS → HS, it produces a so-called hysteresis loop (see for more details, Remillard & McClintock 2006 , Debnath et al. 2013 , and reference therein). The BHXRBs also exhibit quasi-periodic oscillations (QPOs) in some spectral states (see Remillard & McClintock 2006 for a review). Unlike the high frequency QPOs (HFQPO; QPO frequency ≥40 Hz) which are rare, low frequency QPOs (LFQPOs) are common in BHXRBs and are classified into three types -A, B and C , depending on their nature (Q-value, rms amplitude, noise, etc.) . Each spectral state is characterized by different spectral and temporal properties. In the HS and HIMS, the hard X-ray flux dominates with evolving type-C QPOs. In the SIMS and SS, the soft X-ray flux dominates over the hard X-ray flux. Type-A or type-B QPOs may be observed sporadically in the SIMS. QPOs are not seen in the SS.
In general, an X-ray spectrum of BHXRBs consists of two components: a soft multicolor disk blackbody and a hard power-law component. The multicolor black body component is originated from a standard thin disk (Novikov & Thorne 1973; Shakura & Sunyaev 1973) , while the power law is originated from a hot Compton cloud consisting of hot electrons (Sunyaev & Titarchuk 1980 , 1985 . There exist various models in the literature to explain the nature of the Compton cloud, e.g., magnetic corona (Galeev et al. 1979) , evaporated disk (Esin et al. 1997) , disk-corona model (Zdziarski et al. 1993) , two component advective flow (TCAF) solution (Chakrabarti & Titarchuk 1995, hereafter CT95; Chakrabarti 1997) , etc. Except for TCAF, which is based on viscous and radiative transonic flow solutions, other models are phenomenological.
In TCAF, the accretion disk has two components: an optically thick, geometrically thin high viscous Keplerian flow on the equatorial plane submerged inside an optically thin, low viscous sub-Keplerian flow (for a review on TCAF, see Chakrabarti 2018) . The sub-Keplerian flow moves faster and temporarily slow down at the centrifugal barrier and forms an axisymmetric shock (Chakrabarti, 1990) when the inflowing matter piles up at the barrier. The post-shock region being hot and puffed up acts as the Compton cloud and is known as CENtrifugal pressure supported BOundary Layer (CENBOL). The soft photons which are originated from the Keplerian disk, contribute to the multicolor blackbody spectrum. A fraction of these photons is intercepted by the CENBOL and undergoes inverse-Compton scattering with the hot electrons of the CENBOL and become hard photons that produce the hard power law tail observed in the spectra. Physical oscillation of the CENBOL causes the fraction of intercepted photons to oscillate, resulting in LFQPOs often observed in the power density spectra (PDS). CENBOL oscillation is triggered when the compression heating time scale of the flow roughly matches the radiative cooling time scale and a resonance condition is satisfied (Molteni et al. 1996) . It may also be triggered if Rankine-Hugoniot conditions are not satisfied in a time dependent transonic flow even though there are two physical sonic points (Ryu et al. 1997) . A bipolar jet is launched from the hot CENBOL (Chakrabarti, 1999) region in harder states. The jet is absent when the CENBOL itself is collapsed in softer states.
In general, an outburst is believed to be triggered by the sudden rise of viscosity at the outer edge of the disk (Ebisawa et al. 1996) . When an outburst starts, the sub-Keplerian flow rushes towards the BH and forms an axisymmetric shock at the centrifugal boundary. A strong shock is formed with a large and hot CENBOL. In the initial phase, the Keplerian disk accretion rate is low (as it moves in viscous time scale), and therefore, it can not cool the CENBOL efficiently, and hard state is observed. In this state, ARR is found to decrease with the progress of the outburst as we see a monotonic rise in the disk accretion rate. The shock becomes weak as it moves towards the BH. A strong, compact jet could be observed in this state of the outburst. The HS is associated with the evolving type-C QPOs. The QPO frequency monotonically increases with the progress of the outburst as the shock location decreases. This is because, the QPO frequency (ν) varies with the shock location as ν ∼ X −3/2 s (Chakrabarti & Manickam 2000; Chakrabarti et al. 2008) . QPOs exist as long as the resonance condition due to rough agreement between the heating and cooling of the CENBOL is satisfied.
As the outburst progresses, the source enters into the HIMS. In this state, the Keplerian disk accretion rate becomes comparable with the sub-Keplerian halo accretion rate. As a result, ARR further decreases. The shock continues to move inward. Evolving type-C QPO is also observed in this state as well. With a further rise in the Keplerian disk accretion rate, the BH exhibits SIMS. Here, the disk accretion rate is comparatively higher than the sub-Keplerian halo accretion rate. A discrete ejection or blobby jet could be observed in this state. Sporadic type-B or A QPOs could be found in this state. The shock becomes weak and moves inward. With the progress in the outburst, the source enters into the SS. In this state, the Keplerian disk accretion rate efficiently cools down the CENBOL. No QPO is observed in this state. Generally, we do not see any jet in this spectral state.
The source enters the declining phase when the viscosity is turned off or reduced (Ebisawa et al. 1996 , Roy & Chakrabarti, 2017 . As the Keplerian disk is already formed, it is difficult to drain the matter as the viscosity is reduced. Thus, the source remains in the SS and the SIMS in the declining phase for a relatively long time. As the outburst progress further, the accretion rate decreases, and the source goes through the HIMS and the HS before going to the quiescence state. In the declining phase, evolving decreasing QPO frequency is observed in the HIMS and HS. One could also observe outflows in these two harder spectral states.
To fit a spectrum, TCAF uses only four flow parameters namely, accretion rates of Keplerian and the sub-Keplerian components, the size of the CENBOL (i.e., the shock location) and density variation inside CENBOL required to obtain the optical depth (obtained from the shock strength). Apart from these, one instrument parameter, namely the Normalization factor (which gives the ratio of emitted to observed photon spectrum) and one system parameter, namely, the mass of the black hole are required. In 2014, TCAF solution was implemented in XSPEC (Arnaud 1996) as a local additive model to carry out spectral analysis of black hole X-ray binaries (Debnath et al. , 2015a for more details). The accretion dynamics of several black hole candidates (BHCs) are studied successfully with this model (Mondal et al. , 2016 Debnath et al. 2015b Debnath et al. , 2017 Debnath et al. , 2020 Jana et al. 2020b; Chatterjee et al. 2019 Chatterjee et al. , 2020 Molla et al. 2017; Shang et al. 2019) . In each case, we have obtained the evolution of the actual physical parameters of the flow as mentioned above as well as the mass of the black hole very successfully. This motivated us to study the properties of the newly discovered BHC MAXI J1348-630 during the present outburst with the TCAF model. MAXI J1348-630 is a Galactic BHXRB which was discovered very recently on 2019 January 26 by MAXI/GSC (Yatabe et al. 2019) (Lepingwell et al. 2019 , Sanna et al. 2019 , Chen et al. 2019 . Optical (Denisenko et al. 2019 , Russell et al. 2019a ) and radio (Russell et al. 2019b ) observations of the source were also carried out during the outburst. The outburst lasted for about four months. MAXI J1348-630 was observed to re-brighten a few times after this main outburst . A preliminary data analysis with the TCAF model leads us to estimate mass of the black hole to be in the range of 8.5 − 11 M ⊙ .
In this paper, we study the accretion flow dynamics of MAXI J1348-630 with the TCAF model. The paper is organized in the following way. In §2, we discuss observation and data analysis. The results obtained from this work are presented in §3. In §4, we present discussion and concluding remarks.
OBSERVATION AND DATA ANALYSIS
We studied the newly discovered MAXI J1348-630 during its 2019 outburst using Swift and MAXI data in 1 − 150 keV energy range. In our analysis, we used a total of 27 observations of the source with the Swift/XRT (1 − 10 keV range), Swift/BAT (15 − 150 keV range) and MAXI/GSC (7 − 20 keV range) between 2019 January 26 and 2019 May 15. Among 27 observations, there were four epochs of observations during which all three instruments, eleven epochs of observations during which Swift/XRT and MAXI/GSC and one epoch of observation during which Swift/XRT and Swift/BAT were used simultaneously. There were one and ten epochs of observations during which only Swift/BAT and Swift/XRT were used, respectively. The details of the log of observations of the source used in the present work are given in Table 1 .
We used WT mode data for the XRT observations. To reduce the pile-up effects in the data, grade-0 data is used in the analysis. Using the xrtpipeline command, cleaned event files were generated. A circular region of a radius of 30 pixels was chosen for the source. Using XSELECT v2.4 task of FTOOLS package, source and background light curves (0.01 s time resolution) and spectra were generated. To generate Swift/BAT spectra, standard procedures were followed, as suggested by the instrument team. Using batbinevt task, detector plane images (dpi) were generated. We used batdetmask for appropriate detector quality. We ran bathotpix to find noisy detector pixels and quality mapping. The batmaskwtevt task was used to apply mask weighting to the event mode data. With batphasyserr, a systematic error was applied to the BAT spectra. Using batupdatephakw task, ray-tracing was corrected. The response matrices for the BAT spectra were generated with batdetmask task. The 7 − 20 keV MAXI/GSC spectra were generated by the MAXI on-demand process web tool (Matsuoka et al. 2009 ).
For spectral analysis, we use TCAF model-based fits file as the additive table model. As mentioned in the Introduction, to fit using TCAF, four input flow parameters, such as, the Keplerian disk accretion rate (ṁ d inṀ Edd ), the sub-Keplerian halo accretion rate (ṁ h inṀ Edd ), the shock location (X s in Schwarzschild radius r s =2GM BH /c 2 ) and the dimensionless shock compression ratio (R = ρ + /ρ − , ratio of post-shock matter density to the pre-shock matter density) are essential. Also, one system parameter, i.e., the mass of the black hole (M BH in M ⊙ ) and one instrument parameter, namely, the Normalization constant (N ) are required. In case M BH is not known, we can extract it as well. Each observation yields a best-fitted value of mass along with other parameters. The average of these masses comes out to be 9.1 M ⊙ . Freezing the mass at this value, we re-analyze all the data to obtain the final value of each parameter. We ran powspec task to generate the power density spectra (PDS) from the 0.01 sec time binned XRT light curves in the energy range of 1 − 10 keV. We searched for the presence of low-frequency QPOs in the PDS. To obtain frequency (ν), width (∆ν), Q-value (ν/∆ν), rms amplitude, etc., we fitted observed QPOs with the Lorentzian model. From Figure 1 (a), we see that the total flux (2 − 10 keV MAXI/GSC flux) and the soft X-ray flux (2 − 4 keV MAXI/GSC flux) increased slowly from 2019 January 25 (MJD 58508) and reached the maximum value on 2019 February 9 (MJD 58523). After that, flux in both the energy ranges decreased gradually. The 4 − 10 keV MAXI/GSC flux also increased slowly and attained maximum on 2019 February 6 (MJD 58520), which was three days before the peak of the soft X-ray (2 − 4 keV) flux. After that, it decreased slowly till the end of the outburst. High energy (15 − 50 keV range) Swift/BAT flux increased rapidly compared to the MAXI/GSC flux. It attained its peak on MJD 58516 after which it declined sharply until 2019 February 8 (MJD 58522). After the sharp decline, the BAT flux decreased very slowly. The BAT flux again increased briefly since 2019 April 27 (MJD 58600) though soon after, it declined again from MJD 58605. The 1 − 10 keV Swift/XRT fluxes were estimated from the spectral fitting by using the TCAF model. From the second panel of Figure 1 , it can be seen that the XRT flux increased slowly at the rising phase and was maximum on 2019 February 10 (MJD 58524.53). It is possible that if the XRT observation were available, the XRT flux would have attended a maximum value on the 2019 February 9 (MJD 58523) when the 2 − 10 keV flux from MAXI/GSC was maximum. The Swift/XRT flux decreased slowly after reaching the maximum value.
Hardness Ratio
At the start of the outburst, both hardness ratios (HR1 and HR2) were high. As the outburst progressed, they decreased slowly till 2019 February 3 (MJD 58517), after which both HR1 and HR2 fell sharply. Beyond 2019 February 6 (MJD 58520), both HR1 and HR2 remained almost constant till 2019 April 27 (MJD 58600). After that, both the hardness ratios increased as the source entered in the quiescence state.
From the evolution of hardness ratios and X-Ray fluxes in different energy bands of GSC and BAT, we have a rough idea about the spectral nature of the source. We found four spectral states, namely, HS, HIMS, SIMS and SS as in classical or type-I transient BHCs (see, Nandi et al. 2012; Debnath et al. 2013) . When the outburst started, the HRs were high and roughly constant until 2019 February 3 (MJD 58517.5). The source remained in the HS (ris.) until then from the start of the outburst. After that day, HRs decreased rapidly due to the rapid rise of the soft X-ray flux. So, the source entered in the HIMS (ris.). On 2019 February 7 (MJD 58521.5), the HRs started to fall slowly and the source entered in the SIMS (ris.). The 2 − 4 keV MAXI/GSC and 1 − 10 keV Swift/XRT flux showed a rapid increase in this state compared to a roughly constant flux of the 4 − 10 keV MAXI/GSC and decreasing 15 − 50 Swift/BAT flux. From 2019 February 9 (MJD 58523.5), both the 2 − 4 keV and 2 − 10 keV MAXI/GSC fluxes were at their maxima, and the source entered in the SS. Hardness ratio (HR) became almost constant (at low values) throughout the SS. The transition from the SS to the SIMS cannot be marked with the variation of HRs. HRs started to increase on 2019 April 24 (MJD 58597.5) and the source entered in the HIMS (dec.). On 2019 May 1 (MJD 58604.5), HRs became roughly constant and the source entered in the HS (dec.).
Power Density Spectra
We studied the power-density spectra (PDS) generated from the lightcurves in 1−10 keV range with a time resolution of 0.01 s, obtained from the Swift/XRT. During our investigation of the presence of QPO in the XRT lightcurve, we found that the QPOs were observed only in 2 observations in the rising phase on 2019 January 29 and 2019 January 30. In Figure 2 , we show a power-density spectrum (PDS) observed on 2019 January 29 (MJD 58512.43), where a 0.57 Hz QPO with Q-value of 4.5 was seen. The second QPO was detected at 0.66 Hz with Q-value of 2.27 on 2019 January 30 (MJD 58513.11). We did not detect any QPO in the declining phase of the outburst. The rapid change in Q-value indicates rapid falling out of the resonance condition, which is believed to generate QPOs. 
Spectral Properties
We used 1 − 150 keV combined data from Swift/XRT, Swift/BAT and MAXI/GSC for the spectral analysis of the BHC MAXI J1348-630 during its 2019 outburst. We used the TCAF model based fits file for the spectral study. Along with the TCAF model, we used T Babs for absorption and Gaussian for the line emission. A Gaussian function at ∼ 6.4 keV was used to incorporate the F e − k α emission line. In general, we used T Babs(T CAF + gauss) model for the spectral analysis. In Figure 3 As quoted in the previous section, the TCAF model fit yields several parameters such as Keplerian disk accretion rate (ṁ d ), sub-Keplerian halo accretion rate (ṁ h ), shock location (X s ), shock compression ratio (R) etc. for each observation in the present work. The evolution of (a) the total accretion rate (ṁ d +ṁ h ), (b) the Keplerian disk accretion rate (ṁ d ), (c) the sub-Keplerian halo accretion rate (ṁ h ) and (d) accretion rate ratio (ARR =ṁ h /ṁ d ) during the outburst are shown in Figure 4(a-d) . In Figure 5 , we show the variation of the TCAF model fitted mass of the BH, the evolution of the shock location (X s ), and the shock compression ratio (R) in panels-(a), (b) and (c), respectively. In Figure 6 , we plot the variation of reduced-χ 00011107024, and (d) 00011107005. The best-fitted parameters obtained from the TCAF model fitting to the source spectra during the outburst are presented in Table 2 .
Evolution of the Spectral State
Earlier, we tried to identify the spectral states based on the variation of HRs, soft X-ray flux and hard X-ray flux. Here, we discuss the evolution of spectral states based on the variation of the accretion rate ratio (ARR) and two types of accretion rates. Together with the evolution of HRs and X-Ray fluxes, we classified the 2019 outburst of MAXI J1348-630 in four usual spectral states: HS, HIMS, SIMS, and SS. The detailed properties of the observed spectral states are mentioned in the following sub-Sections.
Hard state in the rising phase -HS (ris.)
The source was in the HS when the observation started on 2019 January 26 (MJD 58509.45). The accretion rates (bothṁ d andṁ h ) increased in this state. High accretion rate ratio (ARR) was observed asṁ h was higher thanṁ d in this state. As the day progressed, the ARR decreased slowly asṁ d started to rise gradually. The shock was strong and moved rapidly in this state from 274 r s to 175 r s . We observed QPOs on 2019 January 27 and 2019 January 30. Higher HRs were also observed during this phase of the outburst as the high energy fluxes (> 4 keV ) in the GSC (4 − 10 keV), and BAT (15 − 50 keV) bands were dominated over the soft X-ray GSC band (2 − 4 keV). We marked 2019 February 3 (MJD 58517.67) as the transition day from the HS (ris.) to the HIMS (ris.) as after this day,ṁ d increased rapidly. We also found this day as transition day from the evolution of HRs.
Hard intermediate state in the rising phase -HIMS (ris.)
The source remained in this state till 2019, February 7 (MJD 58521.07). There are only two good Swift/XRT observations of the source during this state. From the spectral fitting, we found that during these observations, both the accretion rates (ṁ d andṁ h ) increased and were comparable. The shock became weak with decreasing R and moved rapidly inward from 172 r s to 86 r s . The ARR was roughly constant in this state, whereas the HR was observed to decrease. Theṁ h became maximum on 2019 February 7 (MJD 58521.07) when the source entered from the HIMS (ris.) to the SIMS (Dec.). 
Soft intermediate state in the rising phase -SIMS (ris.)
During this spectral phase, the Keplerian disk accretion rateṁ d increased rapidly and reached its maximum value on 2019 February 10 (MJD 58524.53). A decreasing trend of theṁ h is observed during this phase of the outburst. Due to this opposite trend of the two types of accretion rates, the ARR was found to decrease rapidly. A weak shock (R ∼ 1.1) was found to move towards the BH (from 86 r s to 56 r s ). The HRs were observed to decrease slowly in this state.
Soft state -SS
The source entered in the SS when the soft (2 − 4 keV), as well as the total (2 − 10 keV) GSC X-ray fluxes, were maximum on 2019 February 9 (MJD 58523.5). However, on this day, no data was available for the spectral study. Spectral analysis result indicates that the source was in the SS on 2019 February 10 (MJD 58524.53). Together with the evolution of ARR, HRs, GSC fluxes, and BAT flux, we conclude that the source entered in the SS on 2019 February 9 (MJD 58523.5). In this state, high dominance ofṁ d overṁ h was observed. This leads to cooling of the CENBOL and quenching of outflows if any. Rise of the shock parameters (X s and R) and ARR was also observed on 2019 February 19 (MJD 58533.54) when the source entered to the SIMS (dec.).
Soft intermediate state in the declining phase -SIMS (dec.)
The source remained in the SIMS (dec.) till 2019 April 4 (MJD 58597.04). The shock was found to move outward (from 91 r s to 185 r s ). The shock also became strong (R varied from 1.36 to 2.55) as the outburst progressed. Although both types of accretion rates decreased with time, we saw an increasing trend in the ARR (from 0.41 to 0.83). This is becauseṁ d decreased faster than theṁ h . This is also prominent if we look at the variation of soft and hard fluxes and their ratios in Figure 1. 
Hard intermediate state in the declining phase -HIMS (dec.)
The source entered this spectral state on 2019 April 4 (MJD 58597.04). We observed a sharp rise in both HRs, as the hard X-ray (4 − 10 keV GSC and 15 − 50 keV BAT) fluxes increased and soft X-ray (2 − 4 keV GSC) flux decreased (see Figure 1) . No spectral data were available during this phase of the outburst. The source entered the hard state in the declining phase on 2019 April 11. The transition day was marked based on the evolution of HRs (see §3.2). 3.5.7. Hard state in the declining phase -HS (dec.)
The source was in this state until the end of the observations. During this phase, HRs were roughly constant. Both accretion rates (ṁ d &ṁ h ) decreased monotonically in this state. The ARR was found to increase. The shock became strong and moved away from the black hole.
Viscous Time Scale
Viscous time scale is the time at which high viscous matter reaches the BH from the pile-up radius . In a transonic flow, a critical viscosity parameter (α cric ) segregates two types of accretion flows. The high viscous Keplerian disk matter moves in viscous time scale along the equatorial plane, whereas low viscous, subKeplerian halo matter moves inward roughly in free-fall time scale. As halo matter moves faster than the disk, we observe that the halo accretion rate attains its peak before the disk accretion rate. Differences in days when peaks occur in these two types of flows give an estimation of the viscous time scale of the source (see, Jana et al. 2016) .
It is observed from Fig. 4 that during the present outburst of MAXI J1348-630, the halo accretion rate became maximum on 2019 February 7 (MJD 58521.07) roughly ∼ 3.5 days prior to that of the disk accretion rate on 2019 February 10 (MJD 58524.53). This peak difference can be interpreted as the viscous timescale inside the Keplerian component.
Estimation of the BH Mass
Mass the BH is a model input parameter in the TCAF model. If the mass is known, one can keep the mass of the BH frozen. Otherwise, it can be kept as a free parameter. The mass of MAXI J1348-630 is not known and is allowed to vary while fitting with the TCAF model. Each observation gave us a best-fitted value of the mass. During the entire outburst, M BH best-fitted values varied between 8.44 M ⊙ and 9.72 M ⊙ . Taking an average of these model fitted values, we obtained the average mass of MAXI J1348-630 to be 9.1 M ⊙ .
We also used M BH − χ 2 red method to estimate the mass of the BH (Molla et al. 2016 , Chatterjee et al. 2016 . In this process, we kept mass frozen at different grid values on either side of the average fitted value and checked how the reduced-χ 2 varied with the changes of mass. In Figure 6 , we showed these variations for four observations selected from four spectral states. With 90% confidence (χ 2 red = 2.7), we found the mass of the BH to be between 7.9 M ⊙ and 10.9 M ⊙ . Combining these two methods, we estimated the probable mass of the BHC MAXI J1348-630 to be 9.1
DISCUSSION AND CONCLUDING REMARKS
We studied the evolution of the timing and the spectral properties of newly discovered Galactic transient BHC MAXI J1348-630, during its 2019 outburst. We studied the BHC for a duration of about 4 months using data from Swift/XRT, Swift/BAT and MAXI/GSC instruments. For the spectral analysis, we used the TCAF model-based fits file. From the TCAF model, we extracted flow parameters of the system such as Keplerian disk accretion rate (ṁ d ), sub-Keplerian halo accretion rate (ṁ h ), the shock location (X s ) and shock compression ratio (R). We also estimated the mass of the BH from our spectral analysis. These parameters were obtained from each observation, collectively giving us an idea of accretion flow dynamics during the observational period.
MAXI J1348-630 went into its first outburst in 2019. The source was discovered on 2019 January 26 (MJD 58509.45). The outburst continued for ∼ 4 months. Both the soft and the hard X-ray intensities increased in the rising phase of the outburst, although at different rates. Hard X-ray flux (15 − 50 keV BAT) showed a rapid rise and reached its peak flux on 2019 February 4 (MJD 58517.67). After that BAT flux declined. Soft X-ray (2 − 4 keV GSC) flux increased monotonically and achieved peak value on 2019 February 9 (MJD 58523.5). On that day, the BHC entered into the SS. The intermediate period (from MJD 58517.67 to MJD 58523.5) belongs to two intermediate spectral states (rising HIMS and SIMS) . In the declining phase, the X-ray flux slowly decreased. Depending upon the rising (slow) and decreasing (slow) variation of the total X-ray flux (2 − 10 keV GSC), it appears that the nature of the outburst is a 'slow-rise-slow-decay' (SRSD) type (see, Debnath et al. 2010) .
We identified the spectral states into two independent ways: (i) from the evolution of the HRs, the soft X-ray flux and the hard X-ray flux, and (ii) from the variation of the TCAF model fitted spectral parameters. However, to mark exact state transition days, we used both the methods. For example, the source entered in the SS from the SIMS (ris.) on 58523.5 MJD. However, no spectral data were available on that day. Spectral data were available on 58524.53 MJD, and the source was clearly in the SS on that day. Similarly, the transition day between HIMS (dec.) to HS (dec.) was marked from the evolution of HRs. During the outburst, MAXI J1348-630 showed all four usual spectral states in the following sequence: HS (ris.) → HIMS (ris.) → SIMS (ris.)→ SS → SIMS (dec.) → HIMS (dec.) → HS (dec.).
MAXI J1348-630 was in the HS when the outburst started. The sub-Keplerian halo accretion rate was higher than the Keplerian disk accretion rate in this state. A strong shock was found at a significant distance from the BH. Both accretion rates increased as the outburst progressed. We see the peak of the halo accretion rate on HIMS (ris.) to SIMS (ris.) transition day (2019 February 7; MJD 58521.07). The Keplerian disk accretion rate increased rapidly than the sub-Keplerian halo accretion rate from this transition day. More supply in the disk matter cooled the CENBOL in a faster way as the source moved to the SIMS (ris.) and SS. In the SS, the total accretion rate achieved its peak value on 2019 February 10 (MJD 58524.53). Then the source entered into the declining phase. Both accretion rates decreased slowly. The source remained in the softer states (SIMS and SS) for a long time (∼ 2.5 months). We have also noticed that in the present outburst of MAXI J1348-630, duration of the SIMS (dec.) was much higher compared to the SS and other spectral states. Generally, we see longer SS in the outbursting BHCs. As day progrssed, the shock became strong and receded from the BH starting from the SS to SIMS (dec.) transition day (2019 February 19; MJD 58533.54) . The ARR also increased slowly. This trend continued in the declining HIMS and HS too. In general, the ARR increased in the HS of the declining phase as the spectra became hard.
Unlike many outbursting candidates, here, we did not observe QPO on each day of observation during the 2019 outburst of MAXI J1348-630. We detected low-frequency QPOs only in two observations in the rising phase of the outburst. The QPOs were detected on 2019 January 27 and 30 at frequencies of 0.57 Hz and 0.66 Hz with Q-values 4.5 and 2.8, respectively. No QPO was observed in the declining phase of the outburst. The shock oscillations are believed to be the reason behind these QPOs. Since type-C low frequency QPOs occur due to resonance between cooling and infall time scales (Molteni et al. 1996) , rapid deterioration of Q value indicates that the flow went off the resonance very quickly. Type-A or B QPOs are observed sporadically in the SIMS due to a weakly oscillating shock. This weak shock oscillation could be either due to a weakly resonating CENBOL (for type-B) or due to a shock-less centrifugal barrier (for type-A) (Ryu et al. 1997) . In the present system, such QPOs were not observed.
We checked if the resonance condition is satisfied during the outburst. The resonance condition is satisfied when the infall (compressional heating) timescale (t in ) of the post-shock matter matches with the cooling timescale (t c ) of the post-shock matter (Molteni et al. 1996 . CMD15 showed that these QPOs are observed if the ratio of the cooling time and infall time is within ∼ 50% of each other, i.e., between ∼ 0.5 and ∼ 1.5. Jana et al. (2020b) applied this method to investigate the reason behind the non-observation of LFQPOs during 2015 outburst of V404 Cygni. For the present object too, we followed the CMD15 procedure to calculate t c and t in . We find that the resonance condition was satisfied only in three observations, i.e. on 2019 January 28 (MJD 58511.58), 2019 January 29 (MJD 58512.43) and 2019 January 30 (MJD 58513.11) with the ratio being 0.55, 1.06 and 1.27. QPOs were indeed observed only in two later observations, i.e., on MJD 58512.43 and MJD 58513.11. On MJD 58511.58, non-observation of the QPO could be due to weak satisfaction of the resonance condition. In other observations, QPOs were not observed as the resonance condition was not satisfied due to efficient cooling processes. So observation of the QPOs is consistent with the expectation from a purely theoretical point of view.
Low viscous sub-Keplerian flow has low angular momentum, whereas the Keplerian disk has high angular momentum and viscosity. Thus, the sub-Keplerian halo moves faster than the Keplerian disk, which moves in the viscous timescale. Thus the sub-Keplerian flow rate achieves its peak earlier than the Keplerian disk rate. The time difference of reaching the maxima of the sub-Keplerian halo accretion rate and the Keplerian disk accretion rate is the viscous timescale of the Keplerian component. Jana et al. (2016) calculated the viscous timescale for MAXI J1836-194 during its 2011 outburst as ∼ 10 days using this method. In the same way, viscous timescales are also calculated for few other BHCs (Mondal et al. 2017) . During the 2019 outburst of MAXI J1348-630, the sub-Keplerian halo accretion rate became maximum on 2019 February 7 (MJD 58521.07), and the Keplerian disk accretion rate became maximum on 2019 February 10 (MJD 58524.53). This suggests that the viscous timescale for the outburst is ∼ 3.5 days.
In the TCAF model fits file, the mass of the BH is an important model input parameter, simply because of the electron number density in CENBOL, soft photon intensity from the Keplerian disk, the size of the CENBOL, etc., which are responsible for producing the spectrum, depend on the mass. Thus, it is possible to estimate the mass of the BH from the spectral analysis with the physical TCAF model. The mass of several Galactic BHCs and AGN have already been estimated successfully from the spectral analysis with the TCAF model (Molla et al. 2016 , Chatterjee et al. 2016 Jana et al. 2016 Bhattacharjee et al. 2017; Nandi et al., 2019) . Jana et al. (2019) reported the mass of this BHC in the range of 8.5 − 11 M ⊙ from their preliminary analysis. In this paper, we estimated the mass of the BHC MAXI J1348-630 by keeping M BH free while fitting the spectra with the TCAF model. Each observation gave us a best-fitted M BH which was found to vary between 8.44 M ⊙ and 9.72 M ⊙ . This variation is the result of poor data quality and errors in fitting the data. For instance, fitting the peak of the multicolor black body depends on disk temperature T , and errors introduced are amplified four times, since M BH ∼ T 4 . This is mainly contributing to the ∼ 15 error in M BH . From the variation of the model fitted M BH , we calculated the average value of the mass as 9.1 M ⊙ . We also checked the mass from reduced-χ 2 -M BH plots. We kept mass frozen at different values and checked how χ 2 red varied. From this, we find that the mass of the BHC MAXI J1348-630 is between 7.9 and 10.9 M ⊙ with 90% confidence. Combining these two methods, we conclude the mass of the BHC MAXI J1348-630 to be in the range of 7.9-10.9 M ⊙ or 9.1 +1.8 −1.2 M ⊙ . In the TCAF model, normalization N remains constant across the spectral states simply because it is just a scaling factor to convert the emitted spectrum to TCAF spectrum (Molla et al. 2016; . However, if a jet is present, normalization could vary and N is observed to have a higher value 2020a) . In this case, emitted X-rays contain the contribution from the inner jet, which was theorized in TCAF. During the 2019 outburst of BHC MAXI J1348-630, normalization was not found to be a constant. This indicates the presence of the X-ray jets during the outburst. The disk-jet connection of the source will be published elsewhere.
SUMMARY
We studied MAXI J1348-630 during its 2019 outburst in detail. We used data of Swift/XRT, Swift/BAT and MAXI/GSC in the combined broad energy range of 1 − 150 keV for our study. We find that the source went through all the usual spectral states. We presented how the flow parameters evolved during these spectral states from TCAF fits of the spectra. We observed QPOs only in two observations when the stricter resonance condition between the heating and the cooling times scales of the Compton cloud were found to be satisfied. We estimated the mass of MAXI J1348-630 is 9.1 +1.8 −1.2 M ⊙ . We also estimated the viscous timescale of the standard disk component to be ∼ 3.5 days during the outburst. 
